The best shoot regeneration was achieved in Costus speciosus by using thin rhizome sections. Efficient initiation of shoot buds was observed when thin rhizome sections were cultured on modified Gamborg-B 5 basal medium (1968) supplemented with 18.16µM thidiazuron.
Costus speciosus (Koen.) Sm (family Zingiberaceae) commonly known as 'Spiral ginger' is a rhizomatous perennial herb with pinkish white flowers in reddish bracts. It is distributed below 1 500m altitude in tropical forests throughout India. The plant serves as an ornamental and the rhizome serves as a source of antihelmintic compounds and an alternative source of diosgenin (Chopra et al. 1956 ). It is also used locally for diabetes and jaundice. The root extract acts as an astringent, aphrodisiac, depurative, purgative and is useful in catarrhal fever, coughs, skin diseases and snake bites (Khanna et al. 1977 , Rathore and Khanna 1978 , Rastogi and Mehrotra 1991 . The plant is conventionally propagated by vegetative techniques using rhizome and sucker segments and through seeds. These techniques are very slow for large-scale propagation. Due to indiscriminate collection of its medicinal rhizome, Costus speciosus is rapidly disappearing from its natural habitat. Roy and Pal (1991) reported shoot multiplication in Costus speciosus but only limited success has been achieved and the described protocol gives rise to a very low percentage of shoot regeneration. Therefore, there is an urgent need to develop methods for the mass propagation and conservation of this Threatened/Endangered species (Nayer and Sastry 1988) .
Thidiazuron (TDZ) aids in rapid plant regeneration of a number of plant species through organogenesis (Malik and Saxena 1992) . The potentiality of TDZ to stimulate shoot formation is well documented in dicotyledonous plants -Pisum sativum (Massimo et al. 1996) , Cajanus cajan (Eapen et al. 1998) , Arachis hypogaea (Kanyand et al. 1994) and in monocotylednous plants -Dendrocalamus strictus Nees (Singh et al. 2001) . In the present paper we report for the first time an efficient and rapid shoot multiplication system for Costus speciosus by using thin rhizome sections and TDZ. The protocol is simple, reproducible and showed a high degree of shoot multiplication which may be suitable for Agrobacterium-mediated-genetic-transformation.
Materials and Methods
Rhizomes of Costus speciosus (Koen.) Sm collected from the Western Ghat Hills near Belgaum-Panaji Highway road, Goa, India were washed thoroughly in Tween-20 for 15min, and then under running tap water for 2h. Whole rhizomes were surface decontaminated sequentially with 70% ethanol (5min) and 0.1% HgCl 2 (2min) before rinsing thoroughly with sterilised distilled water. Longitudinal thin sections 1mm to 5mm thick were cut from rhizomes and these thin sections were cultured on a modified Gamborg-B 5 basal medium (Gamborg et al. 1968) , with 30g l -1 sucrose (Analar grade), 7g l -1 agar (Hi-media, Bombay), 0.2g l -1 p-aminobenzoic acid, 0.1g l -1 Biotin, 0.1g l -1 folic acid, 0.1g l -1 meso-inositol and supplemented with 0. 45, 4.54, 11.35, 18.16, 27.34, 31.78, 36.32, 40.86 and 45 .41µM TDZ in 25mm x 145mm glass culture tubes containing 15ml of the medium under cool white fluorescent light (100µmol m -2 s -1 ) at 25 ± 2°C with a relative humidity of 55-60%. Media without TDZ served as control. The pH of the media was adjusted to 5.8 with NaOH or HCl before agar was added. The media were then sterilised by autoclaving at 121°C and 1.04kg cm -2 for 15min. The stock solutions of TDZ, meso-inositol, Biotin, paminobenzoic acid and folic acid were filter sterilised and added to the media after it had cooled to about 50°C.
The cultures were maintained for six weeks for the shoot bud initiation. The freshly initiated shoot buds were again subcultured for two weeks on modified Gamborg-B 5 basal medium (Gamborg et al. 1968 ) containing 18.16µM TDZ. In all the above experiments each culture tube supplied a single explant. One replicate contained 25 cultures. Three repliIntroduction cates (75 cultures) were used for one experiment and experiments were repeated three times (75 x 3 = 225 cultures).
The data were analysed for significance using ANOVA and the differences contrasted using a Duncan's multiple range test. All statistical analyses were performed at the 5% level using the SPSS statistical package software.
Results and Discussion
TDZ is a substituted phenyl urea with cytokinin-like activity (Mok et al. 1982) and, therefore, stimulates rapid shoot differentiation. Thin rhizome sections cultured on B 5 basal medium without TDZ (control) or with low concentrations (0.4µM and 4.5µM) failed to produce shoot buds. Higher concentrations of TDZ, particularly 36.3µM, 40.8µM and 45.4µM, resulted in the browning of explants which finally died (Table 1) . Initiation of shoot buds was observed in the range 11.3-7.3µM TDZ with the highest percentage (92%) of shoot buds (12 ± 2.01) produced at 18.1µM TDZ (Table 1) (Figure 1 A, B, C) . Eighty-seven percent of these shoot buds elongated and gave rise to shoots. On this medium, the explants remained green for three weeks and developed small bud-like structures from the central as well as peripheral region. After two weeks, the shoot buds showed further elongation and formed two to three leaves. A sharp decrease in the number of shoot buds formed was noticed when the concentration of TDZ was increased from 18.1µM to 31.7µM (Table 1) . Lowest shoot bud growth (1.8 ± 0.02) was noticed at 31.7µM TDZ. Wilhelm (1999) reported successful micropropagation of juvenile sycamore maple (Acer pseudoplatanus) via adventitious shoot formation by using of 0.04µM TDZ. In case of pea cultivars, an average of 20 shoots formed on MS basal medium supplemented with 0.5µM or 1.0µM TDZ (Massimo et al. 1996) . TDZ either alone (4.5µM or 9.0µM) or in combination with IAA (5.7µM) on MS supplemented medium induced a high frequency of shoot regeneration from primary leaf segments of three pigeonpea (Cajanus cajan L.) cultivars (Eapen et al. 1998) . Singh et al. (2001) also reported TDZ-induced shoot multiplication in bamboo (Dendrocalamus strictus) and maximum number of shoots (14.8 ± 1.0) were obtained from shoot explants cultured in 2.2µM TDZ supplemented half strength MS basal medium. Treatment of soybean callus with TDZ, stimulated cytokinin accumulation (Thomas and Katterman 1986, Thorpe 1993) . These investigations are in agreement with the present findings. However, our results with TDZ are in contrast with an earlier report (Roy and Pal 1991) in which new rhizomes differentiated only on a medium supplemented with both BA and NAA.
The healthy shoots regenerated in the presence of 18.1µM TDZ supplemented B 5 basal medium were analysed for rooting efficiency with various concentrations of NAA. Highest percentage of rooting (82%) was achieved with half strength modified B 5 basal medium supplemented with 5.3µM NAA (Table 2) . Lower rooting was observed with 2.6µM and 8.0µM TDZ respectively. Therefore, 5.3µM NAA was considered as the optimum for rooting. The well-rooted shoots were transferred to soil and acclimatised where they showed normal growth with 100% survival. Therefore, present investigation reports optimised parameters for the successful shoot regeneration of Costus speciosus, an important medicinal and endangered species using thin rhizome sections as explants. The described protocol for shoot regeneration with TDZ is very simple, efficient and can be applied for the conservation of this medicinal plant. 
